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SUMMARY. Residual chipping material, also called clean chip residual (CCR), has
potential use as a growth substrate in the nursery and greenhouse horticultural
industries. A survey was conducted in the southeastern United States among
companies conducting harvesting operations on pine (Pinus sp.) plantations for the
production of pulpwood in the forest industry. Fourteen operators in four states
(Alabama, Mississippi, Georgia, Florida) were visited to evaluate the on-site status
of residual material. Sample analysis of CCR revealed that it was composed of
37.7% wood (range, 14.2% to 50.5%), 36.6% bark (range, 16.1% to 68.5%), 8.8%
needles (range, 0.1% to 19.2%), and 16.9% indistinguishable (fine) particles (range,
7.5% to 31%). pH ranged from 4.3 to 5.5 for all locations and electrical conductivity
(EC) averaged 0.24 mmho/cm. Most nutrients were in acceptable ranges for plant
growthwith the exception of three sites above recommended levels for iron and four
sites for manganese. Survey participants estimated that 27.5% of the harvest site
biomass was composed of CCR. Some harvesters were able to sell CCR as fuelwood
to pulp mills, while others did not recover the residual material and left it on the
forest floor (44.3% total site biomass). Operations in this survey included typical
pine plantation chipping and grinding operations (harvesters), woodyards (lumber,
fuelwood, etc.), and operations processing mixed material (salvage from trees
damaged in hurricanes or mixed tree species cleared from a site that was not under
management as a plantation). Residual material varied depending on the plantation
age, species composition, site quality, and natural actions such as fire. Average tree
age was 11.5 years (range, 8 to 15 years), while average tree stand height was 37.0 ft
(range, 25 to 50 ft) and average diameter at breast height (DBH) was 5.9 inches
(range, 4 to 7 inches). Residualmaterial on site was either sold immediately (28.6%),
left on site for 1 to 3 months (28.6%), left on site for up to 2 years (7.1%), or not
collected/sold (35.7%). Several loggers were interested in making CCR available to
horticultural industries. Adequate resources are available to horticultural indus-
tries, rendering the use of CCR in ornamental plant production a viable option.
T
here has been a considerable
amount of interest in alterna-
tive substrates for both nursery
and greenhouse crop production in
recent years. This is due primarily to
a decrease in domestic production of
pine bark (PB), from which the pri-
mary substrate in the eastern United
States is derived (Lu et al., 2006).
Another limiting factor has been a
change in forest harvesting practices
from one that produces PB as a waste
product at the mill to one where PB
is left in the plantation by whole-tree
in-field harvesting operations. PB is
a material not readily used by most
forest product industries. In fact, it
was considered a waste product until
the 1950s when alternative uses for
PB were developed (Davidson et al.,
2000). Today PB is used as a source
of fuel, charcoal, wood-based build-
ing materials, mulch, soil amendment,
and as a container-grown plant sub-
strate (Harkin and Rowe, 1971).
Competition for PB coupled with
a decrease in collection of residual
PB has led to a steady decline in the
availability of PB for horticultural
uses. A letter to PB customers from
D. Phillips (Phillips Bark Processing;
Brookhaven, MS) dated Feb. 2010
stated that, due to the U.S. Federal
Biomass Crop Assistance program
which had driven the price of raw
materials up by a substantial margin,
there would be a shortage and possible
unavailability of PB for horticultural
and landscape uses (D. Phillips, per-
sonal communication).Other growers
confirmed the statements from their
PB suppliers that they would not be
able to fill orders in the coming years
(D. Marteney, personal communica-
tion). Decreased availability has re-
sulted in price increases for PB, which
could affect economic profitability
of many growers. In fact, Abt et al.
(2009) projected continued price in-
creases and decreased inventory for
several timber products through 2030.
Current PB prices (delivered) range
from $12 to $25 per cubic yard de-
pending on the level of handling (raw,
screened, aged, or composted) and
freight costs for delivery to far-reaching
geographic locations (J. Phillips, per-
sonal communications). Additionally,
though the ‘‘PB crisis’’ of 2004–10
seems to have passed at this time
(J. Phillips, personal communication),
the fluctuating market necessitates
the continued evaluation of alterna-
tive nursery crop substrates.
Units
To convert U.S. to SI,
multiply by U.S. unit SI unit
To convert SI to U.S.,
multiply by
0.3048 ft m 3.2808
3.7854 gal L 0.2642
2.54 inch(es) cm 0.3937
0.5933 lb/yard3 kgm–3 1.6856
1 mmho/cm dSm–1 1
1 ppm mgkg–1 1
0.9072 ton(s) Mg 1.1023
0.7646 yard3 m3 1.3080
(F – 32)O 1.8 F C (1.8 · C) + 32
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The history of alternative sub-
strates in horticultural production is
extensive (Boyer, 2008; Lu et al.,
2006), yet PB remains the primary
source of substrate material for nurs-
ery crop production in the last 60
years (eastern and central United
States). Industry dogma has been that
to use unaged (green) PB or PB with
wood fragments is detrimental to
plant growth, attributed to significant
nitrogen (N) immobilization in these
materials. Laiche and Nash (1986) re-
ported that plants grew largest when
grown in PB compared with wood
chips or PB with wood chips. Investi-
gating these types of substrates was
not revisited in the United States until
2005 (Wright and Browder, 2005),
though several wood-based substrates
have been evaluated in Europe (Gruda
and Schnitzler, 2001; Muro et al.,
2005). Whole pine trees (either with
bark, limbs, and needles or with bark
only) have been successfully and ex-
tensively evaluated as stable substrate
components in recent years (Fain
et al., 2008a, 2008b; Jackson et al.,
2008, 2009a, 2009b). In substrates
composed of 100% pine tree substrate
(PTS) a higher rate of supplemental
N (2.4 kgm–3) was required for
‘Compacta’ japanese holly (Ilex cre-
nata) and ‘Delaware Valley’ azalea
(Rhododendron obtusum) to achieve
shoot growth in PTS comparable to
shoot growth in PB (Jackson et al.,
2008). Blends of PTS and peat re-
quired less limestone than 100%
PTS to achieve ideal production pH
(Jackson et al., 2009b). Whole pine
tree materials can be obtained by har-
vesting trees in plantation salvage
situations or in a nursery-owned plan-
tation harvesting operation. A third
wood-based substrate material is CCR
(Boyer et al., 2007, 2008a, 2008b,
2009). This material is derived as a
byproduct of forest thinning opera-
tions and is generally left in the plan-
tation or sold to pulp mills for fuel.
CCR has higher bark content than
whole PTSs, but it has not yet been
determined what that percentage is
and how it can affect plant growth.
Pine plantation management is
an important industry in the south-
eastern United States, the primary re-
gion for loblolly pine [Pinus taeda
(Little, 1971)]. Plantations are in-
tensively cultivated to produce large
trees resulting in products such as
sawtimber, utility poles, and paper
(Wahlenberg, 1960). Plantations are
thinned on a regular schedule to
make room for the remaining trees
to grow larger for the aforementioned
wood products. Trees that are har-
vested in the thinning process are
generally used for making paper and
as fuel. Clean chips used in the pulp-
ing process may contain only 1% PB, or
the finished paper products will
be marred. Residual materials from
the harvesting of pine plantations are
the limbs, tops, and cull portions of the
merchantable and nonmerchantable
trees. These residues are woody bio-
mass components not recovered by the
harvesting system and are generally
sold for fuel or left in the field (Stokes
et al., 1989).
CCR has been evaluated as a
growth substrate for annuals, peren-
nials, and woody crops. Boyer et al.
(2008a) demonstrated that ‘Blue
Hawaii’ ageratum (Ageratum hous-
tonianum) and ‘Vista Purple’ salvia
(Salvia superba) grown in CCR or
combinations of CCR and peat pro-
duced similar-sized plants when com-
pared with the traditional PB substrate.
Later, Boyer et al. (2008b) evaluated
nine perennial species: ‘Pink Delight’
butterfly bush (Buddleja davidii),
‘Siskiyou Pink’ gaura (Gaura lindhei-
meri), ‘Early Sunrise’ coreopsis (Co-
reopsis grandiflora), ‘Sweet Dreams’
coreopsis (Coreopsis rosea), ‘Homestead
Purple’ verbena (Verbena canadensis),
‘Butterfly Blue’ scabiosa (Scabiosa
columbaria), ‘Firewitch’ dianthus
(Dianthus gratianopolitanus), ‘Irene’
rosemary (Rosemarinus officinalis),
and ‘Black and Blue’ salvia (Salvia
guaranitica) in CCR and reported
similar results among most substrate
blends. Substrates with plants having
less growth were primarily the result
of substrate physical properties as
100% CCR had high air space and
low water-holding capacity. Addi-
tion of peat increased water-holding
capacity. All treatments resulted in
acceptable growth for perennial spe-
cies evaluated. A further study in-
dicated that use of supplemental
nitrogen was not necessary for growth
of ‘Pink Delight’ butterfly bush
(Boyer et al., 2007). Five woody crops
such as loropetalum (Loropetalum
chinensis var. rubrum), ‘Black Knight’
butterfly bush (B. davidii), ‘Hopi’
crapemyrtle (Lagerstroemia indica),
‘Natchez’ crapemyrtle (Lagerstroemia
fauriei), and ‘Mrs.G.G.Gerbing’ azalea
(Rhododendron indicum) were evalu-
ated for growth in CCR over the course
of 1 year (Boyer et al., 2009).Results for
woody species were similar to growth
responses of annual and perennial crops,
but few differences in various growth
parameters were also observed. All
plants were of acceptable size and
quality at the conclusion of the study.
CCR has the potential to replace PB
and possibly peatmoss as primary nurs-
ery and greenhouse crop substrates in
several regions of the United States
with few changes in crop production
strategies as a result of the higher
wood content in CCR.
The objectives of this study were
to describe the availability, quantity,
content, and consistency of substrate
materials derived from forest thin-
ning operations. Describing the types
of operations from which CCR can
be obtained (equipment used, plan-
tation characteristics, etc.) is useful
for illustrating to growers what they
can expect from a product marketed
as ‘‘clean chip residual.’’
Materials and methods
Fourteen chipping operations
(two sites in Hattiesburg, MS were
managed by the same operation) were
informally surveyed (personal inter-
view) in Summer 2007. Potential
survey participants were identified by
contacting sales representatives of
companies that manufacture forest
harvesting equipment (Peterson-Pacific,
Eugene, OR and Morbark, Winn,
MI), as well as foresters in Alabama,
Mississippi, Georgia, and Florida.Most
sites were located in a forest plantation
setting, but one was a woodyard (pri-
mary tree trunks only) and another
was a landfill recovery operation.
Survey questions were designed
to elicit information about harvesting
practices of each operation: 1) what
kind of equipment was used (affects
the product properties and potential
for horticultural use if not ground
into small enough particles), 2) how
much production was sold or re-
mained in the field (affects the quantity
available), and 3) information about
the stand of trees being harvested (may
affect ratios of components, smaller
trees have less wood and more green
material). Individual loggers were in-
terviewed in person (on site) in an
effort to answer the survey questions
(Fig. 1). Not all interviewees were able
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or willing to answer every question
on the survey.
Samples, if available, were ob-
tained by filling two 5-gal buckets
with fresh material (representative of
the entire harvest, excluding very large
branches) collected by hand from
within a 20-ft radius of the process-
ing equipment. Samples were weighed
(volumetric bulk density at site), and
the approximate age and height of
the stand were recorded (based on
operator records and counting tree
annual growth rings). Tree stand age
was measured by DBH (when avail-
able) for 15 trees and confirmed with
harvester records of site establish-
ment. Samples were further evaluated
by sending subsamples to Brookside
Laboratories (New Knoxville, OH)
for soil-less media nutrient analysis.
Material was ground and screened
before saturated media extracts (dis-
tilled water-based) were prepared from
the samples. Substrate pH, EC, N
[nitrate (NO3), ammonium (NH4)],
and micro- and macroelements were
measured using this water extract.
Plant available NO3 and NH4 were
determined using flow injection anal-
ysis (FIAlab-2500; FIAlab Instru-
ments, Bellevue, WA) and calcium
(Ca), magnesium (Mg), phosphorus
(P), potassium (K), sodium (Na), sul-
fur [sulfate (SO4)], boron (B), man-
ganese (Mn), zinc (Zn), iron (Fe), and
copper (Cu) were determined by mi-
crowave digestion with inductively
coupled plasma-emission spectrome-
try [ICP (6500 ICAP series; Thermo
Jarrell Ash, Offenbach, Germany)].
Three subsamples from each location
were dried in a 105 C forced-air oven
for 48 h before being separated into
components (bark, wood, needles,
and indistinguishable). Indistinguish-
able material is defined as particles too
fine to determine whether they were
bark, wood, or needles. CCR data were
analyzed using Waller–Duncan k ratio
t tests (P £ 0.05) of SAS (version 9.1;
SAS Institute, Cary, NC).
Results and discussion
Sites and operations varied in
this survey (Table 1). Most were tra-
ditional chipping operations working
to thin loblolly pine plantations (har-
vesters) and many were willing to
expand their market to horticultural
industries. Other sites included wood-
yards (lumber, fuelwood, etc.) and
operations processing mixed mate-
rial (salvage from trees damaged in
hurricanes or mixed tree species cleared
from a site that was not under man-
agement as a plantation). Residual
material varied depending on the plan-
tation age, species composition, site
quality, and natural actions such as fire
or flood (Burns and Honkala, 1990).
For example, trees at Jasper, GA were
harvested at a relatively young age
(8 years) and had the greatest needle
content of all sites (19.2%). Con-
versely, trees at Waycross, GA had
been burned in wildfire and though
they were 14 years old at harvest, they
had just 8.7% needles. Bark content
was also higher at Waycross (68.5% vs.
31.3%) because pulpwood was col-
lected at Waycross and not at Jasper,
which was a ‘‘clear-cut’’ site. Average
tree age was 11.5 years (range, 8 to 15
years), while average tree stand height
was 37.0 ft (range, 25 to 50 ft) and
average DBH was 5.9 inches (range, 4
to 7 inches). Residual material on site
was either sold immediately (28.6%),
left on site for 1 to 3 months (28.6%),
left on site for up to 2 years (7.1%), or
not collected/sold (35.7%).
Overall, the composition of CCR
evaluated in this study was 37.7%wood
(range, 14.2% to 50.5%), 36.6% bark
(range, 16.1% to 68.5%), 8.8% nee-
dles (range, 0.1% to 19.2%), and
16.9% indistinguishable (fine) parti-
cles [range, 7.5% to 31% (Table 2)].
Survey participants estimated that
27.5% of the harvest site biomass
was composed of CCR. Some har-
vesters were able to sell CCR as fuel-
wood to pulp mills, while others did
not recover the residual material and
Fig. 1. Forest harvesters were asked questions about their operation to describe
the availability, quantity, content, and consistency of residual materials derived
from the forest thinning process, clean chip residual (CCR), which can be used
as nursery and greenhouse crop substrates.
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left it on the forest floor (44.3% total
site biomass).
Average pH for the samples
ranged from 4.3 to 5.5, which is near
the recommended range of 4.5 to 6.5
for plant growth (Yeager et al., 2007;
Table 3). EC was below recommen-
ded ranges [0.8 to 1.5 mmho/cm
(Yeager et al., 2007)] in all sam-
ples (0.16 to 0.41 mmho/cm). Most
nutrients were in acceptable ranges
for plant growthwith the exception of
three sites above recommended ranges
for Fe (recommended range, 0.5 to 2.5
mmho/cm) and four sites for Mn (rec-
ommendedrange,0.05to2.0mmho/cm;
Table 3). One site (Waycross, GA) had
Fe levels below (0.19 mmho/cm) the
recommended range. This could be
attributed to soil nutrient content at
each site; however, these data were not
collected.
Appropriate substrate physical
properties (air space, water holding
capacity, total porosity, and bulk den-
sity) of material used for nursery and
greenhouse crop production are crit-
ical for successful plant growth. Parti-
cle sizes of CCR and other alternative
substrates can vary greatly depending
on the type of equipment used to
process them. In the field, chippers
are used to coarsely grind pulpwood
while a grinder can further process
all residual material to a size more
suitable for handling and shipping.
Material obtained for the purpose
of container-grown crop production
would need to be processed a third
time in a hammer mill to obtain a
variety of particle sizes. Both a grinder
and a hammer mill can be fitted with
one of several screen sizes. In this
survey, 93.3% of the operations used
a chipping machine while only 60%
had a grinder (Table 1). Those oper-
ations without a grinder would not
be able to process CCR to suitable
particle size for horticultural uses.
Because of this discrepancy among
sites and because material obtained
from the equipment on site was not
processed to a final production size,
data on physical properties at each
site was not measured.
Nursery growers usually obtain
their substrate material from a distrib-
utor, a PB supplier. These businesses
purchase PB from a mill or directly
from a forest harvester, hold the ma-
terial in their sales yard (and perhaps
conduct some processing such as
screening, aging, or composting),
and finally deliver directly to growers.
PB suppliers process PB into many
products from ‘‘PB nuggets’’ to ‘‘dou-
ble ground and screened PB.’’ Many
suppliers also carry wood chip prod-
ucts for the landscaping market so it is
conceivable that they could begin to
carry forest residual products to help
supply the nursery and greenhouse
industries with substrate material. A
shift in production practices from PB
to CCR could result in significant
savings, steady material price, or both
for nursery growers. The fourth quar-
ter 2009 average price for ‘‘in-woods
whole-tree pine chips’’ (fuel quality
chips, generally from tops, limbs, lim-
ited bole material, and otherwise pre-
commercial material) was $20.96
per green ton (Timber Mart-South,
2009). In the fourth quarter 2011,
that price had dropped to $15.50,
and the reported price for ‘‘process
residuals pine’’ (includes sawdust, bark,
and trimmings) was $12.02 (Timber
Mart-South, 2012). A thorough eco-
nomic analysis of the costs associated
with bringing CCR to market would
include freight (hauling rates and dis-
tances, final delivery to a nursery),
specialized equipment and time re-
quired to operate (grinder, live-bottom
trucks), and material handling (screen-
ing, composting, or aging). Note that
these prices are per green ton rather
than cubic yards as the PB price was
reported earlier in this study. Further
investigation in the economics of CCR,
whole pine trees, PTS, and PB would
be beneficial for the adoption of these
alternative substrates in the southeast-
ern United States.
The forest product industry pro-
duces far more CCR than the horti-
cultural industry can use at this point.
Table 2. Clean chip residual (CCR) obtained from 14 sites had varying amounts of wood, bark, needles, and indistinguishable
(fine) material. Distribution of component type and total site biomass of CCR obtained from harvesting locations across the
southeastern United States can assist with selection of source material for potential use in nursery and greenhouse crop
production.
Location Wood (%) Bark (%) Needle (%)
Indistinguishable
(%)z
Site biomass composed
of CCR (%)y
CCR left
in field (%)y
Cuthbert, GA 44.7 ax 35.7 bcd 12.1 b 7.5 a 25 0
Dothan, GA —w — — — — 0
Cottondale, FL 38.9 a 48.8 abc 0.10 e 12.2 a 15 0
Waycross, GA 14.2 a 68.5 a 8.7 bcd 8.7 a — 100
Greenville, GA 31.4 a 59.7 ab 0.96 e 8.0 a 20 100
Barnett Crossroads, AL 35.7 a 28.0 cd 5.3 cde 31.0 a 35 20
Lucedale, MS 49.2 a 22.9 cd 12.0 b 15.9 a 25 0
Hattiesburg, MS — — — — 35 0
Atmore, AL 50.4 a 18.8 d 14.2 ab 16.6 a 25 0
Clanton, AL — — — — — 100
Jasper, GA 35.4 a 31.3 cd 19.2 a 14.1 a 50 100
Summerville, GA — — — — 20 100
Adairsville, GA 26.5 a 36.2 bcd 10.6 bc 26.7 a — 100
Evergreen, AL 50.5 a 16.1 d 4.7 de 28.7 a 25 0
Mean 37.7 36.6 8.8 16.9 27.5 44.3
zIndistinguishable material was too fine to determine origin (bark, wood, or needles).
yEstimate reported by loggers conducting chipping operation at each site.
xMeans within column followed by the same letter are not significantly different based on Waller–Duncan k ratio t tests (a = 0.05, n = 3).
wNo sample obtained, interview only.
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An agreement between loggers and
nursery/suppliers as to how much is
needed and when it would be needed
will be necessary. For example, if the
screens on the grinder need to be
changed to grind a finer product
for horticultural uses and a nursery/
supplier only needs a few truck/van
loads, it may be that the logger choos-
es 1 d per week or less to harvest for
horticultural uses. If a substrate sup-
plier elects to carry CCR (in a similar
manner to PB), they may want to
provide processing (milling, grinding)
services as well. Conversely, growers
may want to process their own CCR
to best meet immediate crop needs.
In any case, CCR is a promising alter-
native substrate component for the
horticultural industries. Advantages
of using CCR in crop production
include fewer input changes (crop
growth protocols), local and consis-
tent availability, and long-term sus-
tainability in the southeastern United
States. While availability of CCR is
adequate, logistics for growers to ob-
tain CCR will need to be determined
for future use in horticultural systems.
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